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(54) METHOD OF PREPARING PLATELET RICH PLASMA 



(57) An object of this invention is to provide platelet. 
rich pfasma having high activity easily ami at low cost. 
The object is achieved by a method for preparing pfate- 
iet-rieh plasma comprising a step of adding a water-sol- 
uble polymer compound to whole blood obtained by 
blood collection. For example, by adding poiy-L- glutam- 
ic acid to whole blood and allowing the mixture to stand 
still for a definite period, ft is possible to etna* ptatelet- 



rich plasma having high activity that contains bipod plas- 
ma components containing much fibrinogen in addition 
fo platelets m the supernatant and blood ceii compo- 
nents including white blood colis. This inversion also in- 
cludes the piatelet-fKii plasma and tits us* thereof as 
well as a kit for preparing pfejfeiet-rich plasma. 



< 

O 
ID 

to 



HMM i>? Jaws, J5«( PARIS ff 



BNSOOC8* «S> fiMMM*gi> 



EP 1 547 606 A1 



Description 

[0OT1] The present appiteatkm claims the benefit of priority torn Japanese Patent Applicator; No. 2002-228277, 
which is incorporated herein by reference. 

Technical Field 

[OG02J The present invention relates to platelet-rich plasma used in the field of medical care and a method for pre- 
paring me same. 

10 

Background Art 

[0003] Currently, an increasing number of engineering and medical advances are being made in the field of lost 
tissue regeneration. 

,s [0004] tn recent yeans, however, a large number of incidents have? occurred that have jeopardi.ree! safety, because 
blood products used for medical applications and physiologically active substances produced from animus (in partic- 
ular, cows) ere infected with viruses, prions and the tike, and this has now become a serious social issue. As 8 result, 
there is an extremely high level of interest in the safety at el! types of medsca! cars. 

[9005] further, at she sites ot routine clinical application, importance is attached not only to safety but also to the fact 

SO that procedures are reliable and easy to carry out. 

[QO0S] Against the above mentioned background, -here has been a major focus on a treatment method wherein a 
patients own blood components ere used fo speed up wound healing, trie method progressing from f ibrin products 
which have been recognized for some time to effect as an accelerator of postoperative haemostasia and wound healing, 
Tor example, because activated blood platelets secrete substances thai induce migration and differentiation of cells 

as in the early stage of wound healing, a method has been attempted that a patient's own blood is previously concentrated 
to make blood plasma rich in platelets ("platelet-rich plasma", hereunder sometimes referred to as "PRP") prior to 
surgery, which ate then activated to apply the PR? to an operation area in order to accelerate healing. A large number 
of clinicians have reported that wound healing was accelerated by this method (R. E. Marx et a!„ Oral Surgery Oral 
Medicine Ora; Pathology, Vol 85, 638-646, 1 938, A. K. Sarg el at., The Nippon Dental Review, Vol. 82, Mo. 1 0,1 31 -1 43, 

30 £002). The use of a parent's own blood is not only an extremely safe method; but also one with which definite results 
can be obtained. 

[0007$. However, a method using a patient's own blood involves drawbacks such as complex procedures, risk, labor, 
necessity of skilled staff, purchase of expensive equipment, ana Increases in maintenance expenses and the like, 
J0008J Piatefet -rfch plasma used lor clinical laboratory tests is obtained by collecting blood from intermediate ma- 

» brachial vein, adding 4,5 ml of the whole blood to each plastic lube including i ,6 mi of a 3.1% wrv sodium citrate 
solution, mixing by inversion, and then certttifuging at 50 g for s 5 minutes at 22 *C to collect the supernatant (Rinahou 
Kensafcou IWyou, Stsl edn.. p. 400 (in Japanese}). Although differences exist in the amount of blood collected and 
centrifugation conditions, the collection ol PRP for the purpose ©f accelerating tissue healing is also conducted basically 
aeeordmfl to this method. Blood platelets have extremely abundant reactivity, and ore prone lo undergo an agglutination 

*> reaction or release reaction in the separation process, leading to loss of the functions thereof. Therefore, in the sepa- 
ration procedures, it is necessary for a person of experience to prepare the plasma while paying particular attention, 
further, because a decrease in function over time is noticeable for bleed platelets in comparison with other blood self 
components, it is necessary for separation to be conducted as quickly as possible after blood collection, and this is 
else ti factor that remarkably towers usability 

45 [0009] in recant years, a kit for faciftrafing easy acquisition of PRP used to accelerate tissue healing has been sold 
commercially However, the conventional method or acquiring PRP is one that basically uses centr ifugatlort techniques 
(Rosokawa. T., el a!.. Denial Outlook, Vol, 100, Svfo,6. p. 1230-1243, 2002), and improvements to the complexities 0 f 
the above procedures are inadequate therein. Indeed, the complexity ot the procedures has been noted not only by 
the present inventors, and Hesnkawa at at. aiso wrote in the description lor figure 12 on page 1239 of the aforemon- 

* tioned article mat "the procedures are somewhat complex," In addition, although separation of red blood cells is ade- 
quate in PRP acquired by this eenMugalion method, white blued celts included in the whole blood are also separated 
and thus there are cases in which almost no while bSocdcetls are included in the prepared PRP, and part of the important 
bleed plasma components such as fibrinogen have also beencentrifugsd 

[0010} examples of Site characteristics required let platelet-rich ptasma used as an accelerator of postoperative 
** wound healing and haemostasia Include that only a email number of redbiood cells that cause delays in tissue hasting 
be contained therein, that the plasma includes a large number of blood platelets, that the activity of Wood platelets be 
maintained to a high degree, and that the plasma includes Mood components such as white Wood cells and fibrinogen 
in addition to blood platelets. There is a demaodforthe devefopmeniof a method lor simply and conveniently acquiring 
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platelet-rich plasma with mis hind of high activity. 
Disclosure of the invention 

s [0011] if is an object ot the present invention to simpiyand conveniently acquire platelet-rich plasma with high activity 
and ia provide She same. 

{0012} As 9m tesuti of concentrated research, me present inventors discovered mat when a water-soiuble pernor 
compound or a prsarmacciogicaliy acceptable sail thereof is added to btood plasma containing red blood cells ot whole 
blood or the lite, not only can platelet-rich plasma be separated quickly and simply, but that the platelet-rich plasma 
10 obtained in this manner exhibits extremely high tissue healing activity in comparison with pfatetet-rich piasme obtained 
by the conventional method, to thus complete «he present invention. 
[0013] Mora specifically, this invention comprises the (©Bowing: 

1 A method: for preparing platelet-rich plasma, comprising a step of agglutinating and sedimenting red biood ceiis 
ts in a selective accelerator* manner from biood; 

2 The method for preparing piateier-ridi plasma seconding to the preceding 1 . wherein the biood is whole biood 
obtained by blood collection: 

3. The method for preparing according to the foregoing 1 or 2. wherein the method of agglutinating and sedimenting 
red bioed cells in a selective acceteratory mariner comprises a step o! addintt a water- so tubie polymer compound 

so to blood: 

4. A method for preparing platelet- rich plasms, comprising a step of adding a water-soluble poiymer compound t 0 

blood; 

5. The method tor preparing according to the foregoing 3 or 4, wherein the water -soluble poiymer compound is a 
polymer compound havtng a molecular weighs ot 1 ,000 - 6,000,000; 

26 5 Thc method for preparing according to the foregoing 3 or 4, wherein the wafer-soluble poiymer compound is 

added in art amount of 0 0001 - 10 w/V% with respect to a blood volume; 

7. The method for preparing according to the foregoing 3 or 4, wherein the water-soluble potvmer compound is at 
least one kind selected (rem the following compounds- 

30 1 ) a pofyamlno acid comprising amino acids and/or pharmacologically acceptable sails of amino acids, 

2) an acidic polysaccharide antfor pharmacologically acceptable salts thereof, and 

3) b vinyl polymer; 

S. The method for preparing according to the foregoing 7, wherein the poiyarnino add is at least one kind selected 
* ' rom Ihe S TO up consisting of polygfctamic; acid, pc-lyaspartic acid, potyltisiidine and polyaspatagine; 

9. The method for preparing according to the foregoing 7, wherein trie amine acids and/or phanriacokjgioajly ac- 
ceptable sails, which are formed oolyaminc acid, are selected from the group consisting of glutamic acid, asoartic 
acid, histidine and asparagine, or pbarroacolcgicaiiy acceptable salts of these; 

10. The method for preparing according to the foregoing 9, wherein at least 20% oi the amino acids which the 
40 poiyarnino acid eempriscs « glutamic acid and/or aspartic acid, or pharmacologically acceptable sails of these, 

11 .The method for pre paring eccordingto the lorsgcmg 9 or to, wherein the poiyarnino acid is an acidic poiyarnino 
acid; 

12. The method for preparing according to the foregoing 7, wherein the acidic polysaccharide and/or pharmaco- 
logically acceptable assise thereof is al (east one kind selected from the group consisting of dexfran derivatives, 
gfycosaminoglycsn, c^iutose derivatives, cbitosan derivatives, galscturonic acW and aiginio acid, or pharmaco- 
logically acceptable salts of these; 

13 The method for preparing according to the foregoing 7, wherein the acidic polysaccharide and/or pharmaco- 
logically acceptable salts thereof Is hyaluronic acid or a pharmacologically acceptable salt thereof; 

1 4. The method for preparing according to the foregoing 7, wherein the vinyl polymer is at leas! one kind selected 
so f rom the compounds iriciadirtg art acidic poiymer or s pharmacoiogicaiiy acceptable salt thereof; 

15. A platelet-rich plasma prepared by the method according to any one of the foregoing 1 - 14; 

16. An accelerator of tissue and/or organ repair, which comprises the platelet-rich pfasma according ;o the pre- 
ceding 15; 

17 An aeceforeuw ot tissue and/or organ repair, « n additive for bone augmentation m the periphery ot a dental 
** implant, art additive for use when transplanting bone or artificial bone to a bone defect site, a wound healing 

accelerator, an accelerator of tissue repair after therapy or treatment for piastic and/or cosmetic purposes, a ther- 
apeutic agent for dermatosis, a therapeutic agent for cutaneous ulcers, an agent tor nerve tissue repair ari&'of an 
agent for postoperative tissue repair, which comprises the platelet-rich pfasma according to the foregoing 1 S ; 
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1 8 A therapeutic method or a treatment rnsihcdfor any of ifts following, which comprises a step of admirtistemq 
the oJBleiet-rich plasma according to She foregoing 15: 

1 } bone augmentation in the periphery of a eternal implant 
* 2) dermatosis. 

3) tissue repair fur plastic and/or cosmetic ptsposcts, 
4} repair of a boss© defect site, 
5} nerve tissue repair, and 
C} postoperative tissue repair: 

re 

1 9 A reagent or a reagent kit for preparing piatelei-rieh plasma that comprises at Scbb! one kind of tits components 
described below from Wig water -soluble polymer compounds used far preparing platelet-rich plasma by a meth- 
od comprising a stop of adding a water-soiuhSa polymer compound to blood: 

'* 1 ) a polyamiw arid comprising amino acids and/or pbsrmacologieaffy acceptable sate of amino acids. 

3} an acidic potysacchsrids and/or pharmacologically acceptable salts thereof, 8 m 
3} a viny) polymer 

20. An instrument for preparing ptatefet-ric* plasma by adding at least one kind of the component of water- soluble 
30 polymer compounds described below to blood: 

1 } a poiyamino acid comprising amino acids and/or pharmacologically acceptable saits of amino acids. 
2} art acidic polysaccharide andfor pharmacologically acceptable safts thereof, and 
3! a vinyl polymer. 

*s 

21 A kit for preparing piateiet-neh plasma , which comprises the reagerstorthe reagent kit according » the foregoing 
IS and the instrument according ;o (he foregoing 20. 

Brief Description of the Drawings 

so 

[0014] 

Figure 1 Is a schematic diagram of a photograph of peripheral blood obtained using a differential interference 
microscope (Example 1). 

Figure 2 is e schematic diagram ot a photograph of supernatant of peripheral Mood obtained using a differential 
interference microscope (Example 1). 

Figures is a schematic diagram of an image of supernatant obtained wiin sample 2 (Example 1) 

AO 

Figure 4 is a schematic diagram of an image oi supernatant of sample 1 in which blood coagulation svas observed 
(Example - !). 

Figure 5 is a schematic diagram of an image of i sample 4 (Example 1), 

45 

Figure 6 is a view showing effects obtained when various kinds of pelyarrtirso acids were added to samples end 
the samples were allowed So stand for 1 hour {Example 4). 

Figure 7 is a view showing effects obtained when varying amounts of hyaluronic acid were added !o samples and 
so the samples were allowed fo stand for 40 mirtut.es (Example 5). 

Rgure 8 shows effects obtained whan various kinds of water-soluble polymers were added to samples and the 
samples were allowed to stand for 30 minutes (Example 7). 

ss Figure 9 shows effects obtained when various Kinds ot water-soluble polymers were added to samples and the 

samples were allowed to stand for 30 minutes (Example 8). 

Figure 1 '0 shows a wound healing effect ef PRP according to the memod of this invention (experimental example*). 
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Figure 11 shows a wound healing effect of PRP according to the method of this invention on the fourth day alter 
surgery, and lha wound healing effect of PRP according to the convenhonai mathod on the same day (Experimental 
Example 5), 

Figure 12 shows wound healing effects on the iourth day after surgery for PRP according to the conventional 
method and tat a substance in which white btooci eels were added to PHP according to the conventional method 
(Expoeteernai Example 6). 

Description of Symbols 

[0015] 



Q) Red blood celts 
© Whits blood eaits 
« © Stood platelets 

© Untreated (control) 

<§> Administration of PRP according to me method of litis invention 
© Admintetrauors of PHP according to the conventional method 
0 Administration of white blood ceils to PRP according to ihe eonvemionai method 



Best Modes for Carrying Out the invention 

(001 S] it is desirable that the platelet- rich plasma of this invention comprises no! only blood pSatelote, but also bicod 
plasma components that contain a large amount of fibrinogen and ctoos components including white blood cells are 
further desirably comprised. Bleed platelets fulfil! an extremely important role when adhering to damaged subendotne- 
iial tissue ana coagulating to form thrombi and arrest hemonhage, or when storing and releasing substances mat 
induce migration and differentiation of other ceils, fibrin is a substance thai is generated when thrombin aefs on fibrin- 
ogen in blood plasma, and is therefore a subslaaee that is involved in the finat stage of biood coagulation It is also 
important as a scaffold for infiltration and cytodiheronSation by a cell to conduct tissue repair. Further, white blood ceils 
have activity that prevents infiltration by bacteria or harmf ul microorganisms or the tike, have immunological functions 
or bactericidal functions, and promote tissue repair py protecting damaged tissue, ft is known that among while blood 
cells, monocytes/macrophages also play at; important role in tissue repair. 

[0017] Blood platelets lose their function rapidly with stimulation or with passage cf time from the time of bicod 
collection. Therefore, it has not beoR possible to obtain blood platelets that retained a high level of functions by a 
method other than centrifugal ion thai enabled separation in a short time with fiuie stimulation with respect to blood 
platelets. Although when whole blood is allowed te stand ihe rod blood cells gradually sediment, the speed thereof is 
normally extremely stow, and thus it is Known that from the other biood man those in a pathological state such as a 
high inflammatory response, blood plasma that includes stood platelets can net bo obtained even when whole blood 
is allowed to stand for several hours or more. 

fOCHS] According to the method tar preparing platelet- rich plasma of this invention it is possible to sediment red blood 
coils from whole biood in a selective and accelerate manner, and to obtain in the supernatant not only blood platelets 
but also components thai are essential for tissue repair, such as whit.? otood ceiis and fibrinogen, in a state in which 
they retain a high level of function. 

J0019] According to this invention, the term "step of agglutinating and serjimermnc red biood calls in a seieetivs ana 1 
aceelerative manner" refers fo a step of sedsmeming 80% or mere, preferafjiy 90% or mora, of red blood ceiis included 
in whole blood by agglutination to obtain platelet-rich plasma comprising at least 1 5% or more of the total blood volume 
within 3 hours from the start of treatment, preferably within 2 hours, mote preferably within 1 hour, and furtherpreferably 
wirhin 30 minutes. 

{0020] Whole biood used for the preparation of platelet-rci; plasma of this invention may tie acquired according to 
an ordinary method: of collecting Wood from a human ore non- human animal Further, since whole bicod acquired t>y 
biood collection may coagulate in that state, preferably an anticoagulant is previously added after the biood collection 
As the anticoagulant, any sijestance ordinarily used as an anticoagulant and which does not exhibit toxicity toward'; 
living organisms may be used, and a substance that is in genera! use may be used, for example, sodium citrate. ACD 
EDTA, heparin, Sow molecular weight heparin, futhan, hiruoine ©r atgatrobatt 

{0021 ! The volume of treated blood for preparing the piateiet-och ofasma of this invention is not particularly limited 
ana wilt differ according to the intended use, and a suitable volume can be selected according to the purpose of use 
and usage amount. The method of this invention can, for example, be applied to oioop obtained by collection of a 
pattern's own blood, and can aiso be applied io blood obtained by biood donation or the fike. Since this invention is a 
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method that simply and conveniently obtains blood platelets having a high level ot activity, the method can also be 
used for the preparation of platelet products 

[0022] (Water-soluble poiymer compound) - In order to prepare the pfafeiet-rich plasma of mis invention from blood 
obtained by biood coSecfion. a waier-soiubte polymer compound may be added to the Mood and the mixture then 

* allowed to stand stti:!. A water-soluble pofymer compound in this iiwenSon may be a substance Which dissolves ffi a 
weight/volume ■% of 0,01 in disiilied water or physiological saline at notmai temperature of 25 Although the molecular 
weight ot die water-soluble poiymar compound is preferably large, a problem may arise whereby, for example, the 
solution becomes a htgn viscosity solution and is difficult to mix. Therefore, specifically the average molecular weight 
is selected from the range of 1 ,000 to 5,000,000, preferably 3,000 to 1 ,000.000, more preferably 10,000 to 300 000, 

w and further preferably the range is from 20,000 to 1 50,000 . In this connection, a molecular weight in Shis invention is 
determined by a GPC method employing dextran for which the molecular weight is constant as a reference material 
and distilled water as a solvent 

[0023] According to this invention, a water-soluble polymer compound may foe a synthetic substance ot a naturally 
occurring substance, or may be a substance obtained by chemically modifying a naturally occurring substance. 

1S f°024] According to this invention, a water-soluble polymer compound may foe a synthetic substance or a naturally 
occurring substance, or may be a substance obtained by chemically modifying a naturally occurring substance. 
[0025] In this invention, a water-solubfe pofymet compound can be seiected from the group consisting of compounds 
represented by 1 ) polyamsnc acids comprising amino acids and/or pharmacologically acceptable salts o? amine acids, 
2} acidic polysaccharides and/or pharmacologically acceptable salts thereof, and 3) vinyl polymers. To achieve the 

30 object 0 f this invention, one kind of the compounds described above can be used or two or mora kinds thereof can be 
combined for use. 

[0026] As a pharmacologically acceptable salt in this invention, for example, an alkali metal salt such as soasum sail 
or potassium salt, an aikaii earth metal sail such as magnesium sail or calcium sail, a salt formed from inorganic bases 
such as ammonium salt or a salt from organic bases such as a dietbanolamfne salt, cydohexylamine salt or amino 
■as acid salt can be selected for use. 

[0027] [Potyamino acid; ■ Examples of a pofyamtno acid or a pharmacologically acceptable salt thereof used in this 
invention include a homopolymer or a copolymer in which, tor example, ct-amino acids, fj -amino acids or -/-amino adds 
such as aspartlc acid, glutamic acid, asparagine and histidina ara bound by pepittia linkage, and them is no particular 
restriction with respect to D-type, L-typs or PL-type More specifically, polyaspartc acid, polyetutamic acid, poiyaapar- 

* a 8»ne, poiyhisfidine and pharmacologically acceptable salts of these may be exemplified. 

[00283 Further, ataording to this invention, in addition to the 20 kinds of amino acids comprising proteins, amino 
acids and amino acid derivatives such as L-omithine, a series of ot-amino acids, IV alanine, yaminoooiyrtc acid, an «- 
ester of an acidic amino acid, an N-substsrute of a basic amino acid, aspartic acid- L -phenyl ate nine dimer (aspartame), 
or aminosutfontc acids such as L-cystefc acid may be included in the main cnafn arthe side chain of the molecule, ' 

* BW29J Further, these polyaminc acids may be substances having a linear structure or substances having a branched 
structure, 

[0030] The average molecular weight of a polyaminc acid that can be used with this invention te preferably in the 
range of 1 ,000 - 8,000.000. and mors preferably * ,000 - 1 .000,000, 

[0031 j The molecular weight of a polyaminc acid can be controlled by adjustment of the polymerization conditions 
40 (temperature, time, solvent, catalyst, etc.), and adjustment can aiso be conducted by reconrieneing polymers alter 
polymerization using dteyctecarbodilmido (DCCj or the like, 

[0032| In this invention, if is also possible to use an anhydrous pofyacicrc amino acid such as, for example, anhydride 
of polyaspartic acid or anhydride of poiygtutamic acid. Of these, from the viewpoint of Industrial availability, pctysuc- 
ciriimide, an anhydride of poiyaspartic acid, is preferably sised 

48 [0033] in the present invention, in particular, acidic polyaminc acids can be preferably used. The term "acidic poly ami- 
no acid 1 as used herein refers to a polyaminc- acid thai is negatively charged under a physiological pH condition. A 
charge state can be grasped by a technique such as isoelectric focusing or titration. Simply, a poiyamino acid in which 
the number of casboxyl groups is greater than me number of amino groups in the ratio of the number of carbcxyl groups 
to amino groups in the moiecufe can be employed as an acidic pofyamino acid. 

so [0034] As the poiyamino acid according to this invention, a substance is used in which glutamic acid an&'or aspartic 
acid are comprised at 20% or more, preferably 30% or mora, and more preferably 50% or more of the constituent 
amino acids thereof, in particular, the use of poiyaspsnic acid or potyglutamic acid is particularly preferred, since the 
structure thereof is simple and easily synthesized. 

[00355 The glutamic acid and/or aspartlc acid may be randomly distributed in the molecule or may be distributed in 
s* a block form, A graft copolymer can also be used. 

[0038} The pclygtutamfc acta of ibis invention may be poly-L-giutamic acid, poly-Oglutamic acid or a mixture of 
these. An L-type or D-type copolymer can aiso be used. Similarly, the polyaspartic add of this invention may be poiy- 
L-aspartic acid., poly 0 -aspartic acid or a mixture ot these. An L-type or B-Sype copolymer can also be used 
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L°S J" Sa^S tZSST? *** * * 6 faasK »« <> f «« main cha. n . h aome cases »» 8mttte beswte 
m *' 8 fae { *^ oncs imd * w« cases Abends, Thai is. an «-bond derafes » ™« P w *-<^ h^^v 

«a rttc acia am, lha copo^nw thereof * bonding <* aortic add or an am^^^X^ S" 
ca* 0 *y f group « « v *mm oi aspanteac* and a^ond demus a case whan, 5te ^q s ^^S^ : 
at p-pcs!Uon of aspsrtic acid. Aceordlaato this wveHno* «-» ^m- .„• b>w ,w, „ , ^ao^xyi group 

-^^bancteor^ 

|D0383 Stwfarly, when poiyqiulamic ac-t) is !}:« basic iktfettm m ts.o ■ „ 

panteaiarly &™»d in ihf* invention. t *"* * Wn thc above < »» 50 ™ <* ** 

[0033] Of this poiyamino acids used in mis invention, for example ooVesoartte ar-*i or * hr „^ 

" * P*""** N-carboxy gamine «*, ^ y , r 4 (NCA) * .JESSIES ^X^l 

{0041} A add accord^ 

^n2b^^ 

P" 0 '* 8 " 0f ^ ****** exampte* ttereoS. a giycosammcolycan, ^ac.ui e x^ l^l^ l^T 

tissue to be tree or afts'-bart in — »*o ^ y-«cu canoes it .at are prewjmbfoadiy in cormaetwa 

*s T-.ro ►! ^dconxam armaasugafs. ihus aiso ealfed mucopolysaccharides. Stnjctaal'y 

fiv ll !ni^ f f " ° ! *■•«*««• «nfts eompr^g ««*» sugars and uronfc «7r£ 

IdCASs), and campus both suffated and nonsuifated subssanras" (SaBranakv »L ^ IT, t . / ! 

aoo« of acidic pa^S^^r^^ ' ^ 

« seafata, polyvinyl ateoho!, cotyHCn^a^w™^ - 1 . ^ 9 ^ sulfe,w *' P 0 ^^ 

«may ba mantioaaa, and m/J^^^^^^ ^Z^T^ ^ 
t004 63 ^on g m«vv a ™ubi e vir 1 y t po^ fS . a „acld^ yi po^^ 

of am mora prefarably usad. The tenr, »«eid« vioyl poi V mf»» ^•< s Lh^«wT ^ f «^spwoi 8 eattihwa- 

as carfeoxyi gtoup. suffonata or phosphate 8rauf ; ^t^lcV lTr^ w *? ^ 8roup S:lch 
p 0f ya Cf yiic acid. ^ pofyaary.ata. amrai.aum^L^ ^la^T ^ ' ^ 

sutfonate aoti 8a .ta iteraof, pciyvinyi s.iionate or oajsoprat a-^o W ' Pr.ystyrone 

90 ** im * 0: 1 -5 m that moiudas an anticoaguianl, 0jm> 6 - 150 ma orwa^oHK* , ' Wooci 

- 45 mg. and mare prafarabSy 1 .5 - 4,5 mo oar, bo adda« W^lvartrt m ^ <**Wm«, P^ferabfy 0.15 

85 m t m ^ watar-aohjfete polynw compound can be added to a container into which oofaaad b* Hi , 

or tte compound can !>o added d ifec% into a syr it » 8e used for Wood c M r! " ^ ^ 

E0049 By addmg a water-soiubfe polymer compound of an amount aaiectad from the afo^aationad ™ 
^ud. ng an an^ant and S en 5t y rr^ng so te the ^ ^ th^^S^S^^ 
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biooti to stand, sedimentation of red blood ceils in a selective artel accelerate manner car, be achieved and piaieiei- 
nch plasma mat toctodes not only bin* platelets, but also biood components sues as Wood plasma comnonenfc and 
wt8te w<wct ceifs cai 1 Ds obtained in the supernatant 3y achieving sedimentation of red blood ceils at the' latest mm 
3 h0Uf$ » Pfefe^l' 2 Hours, and bi the earliest about io minutes after the start of treatment, it is possible to 
obtain the piateiet-rich plasma that is the object of this invention In approximately SO to 30 mtnutes 
[OQSO] Further, when separation of ted blood ceils is insufficient or when it is necessary to conduct separation io a 
shoner unie, it is also possible to conduct a step of weak centrifugation thai is of a degree that does not cause 'he 
conventional coagulation of red biood cells. More specifically, a step of centrifugaOon ai S4S G lor S minutes or less 
cars be aocied. 

[O0S1 } {Use of platelet- rich plasma by Shis invention) - Platelet-rich plasma prepared according to the method of this 
invention car be applied as a healing accelerator for ail kinds of tissue and organs, such as a wound-heating agem, 
additive for bone augmentation in she periphery of a dents: implant, adaitivefor use when transplanting bone or artificial 
bone to a bone defect site, wound healing accelerator, therapeutic agent for dermatosis, therapeutic agent for cutane- 
ous ulcere, an accelerator of tissue repair after therapy or treatment for plastic andtot cosmetic purposes, postoperative 
tissue repair agent, postoperative tissue repair agent for an orthopedic region, and agent for nerve tissue repair. That 
is, tbeaforerrwmioKad disorders ordaroafje to skin m tissue can betemed by the ptatelei -rtort plasma by this invention. 
[3052] The piatelat-rteh plasma by this invention can be applied not only for humans, but mo for non-human man- 
mats, examples of the mammals include animals living above ground in particular, and the platelet-rich plasma can be 
applied to dogs, cats, hamsters and the like thai are gsnera-ly kept as pets. The platelet-rich plasma can also bo applied 
io animals that are employed for sports such as racehorses and fighting bulls. 

[00S3] Tho ptatetel- rich plasma prepared from a patient's own biood according to the method of Ibis invention can 
be used for the objects of tba aforementioned therapy or treatment, it is also of eoune possible to use plate let- rich 
plasma thai is no} derived from a paiterfs own biood as long as the biood group corresponds. 
[O0543 As a specific method of usa, a required amount of the platelet-rich plasma by this invention can be administered 
to a treatment site by a method such as coating or injecting. 

[0055] (Reagent, instrument and kit for preparation) - The main feature of this invention is that, as described in the 
foregoing, it is possible io conveniently and easily prepare platelet-rich plasma thai is effective for mat-any and the like 
from a patient's own blood. Convenient and easy preparation is achieved by providing a water- soluble polymer com- 
pound thai is used in She preparation method of this invention as a reagent, 

EG056] More specifically, reagents acquired by adding the various kinds of water-soluble polymer compounds de- 
scribed in the above "Water-soluble polymer compound" section inlo suitabie containers such as viais or ampoules, 
and a reagent kit comprising substances or solutions or the like containing a plurality of these reagents are aiso Included 
in this invention. Further, specific examples of Instruments usea in the preparation method of this invention comprise 
a blood collection tube or syringe used for collection of blooa, and a sterilized test tube or container made of plastic or 
the like for adding a water-soluble poiymer compound to collected blood. Examples of the Kit for preparing platelet- 
rich plasma by this invention include a kit composed of reagents and instruments seiecied from the reagents and 
instrument* exemplified in m foregoing. The use of this kit enables easy preparation of ihe platelet-rich plasma of this 
invention at the bedside where coBecdon of blood is performed or the tike, 

[0057] Further, an instrument in which a water soluble polymer of this invention Is added in ridvanee into a syringe 
or container used when collecting biood is also preferably used. An instrument thai is particular!)? preferably ueedis 
one in which the water-sotubie polymer has bean previously dissolved in sodium citrate or ACD that are widely used 
as anticoagulants, after which the solution has been added into the aforementioned syringe or container. 

Examples 

[0058) This invention is described in further detail hereunder by way of examples and experimental examples, ai- 
inough the invention is no! limited to these examples. 

Example 1 

[0039] (Object) - The object of this example was to examine the appearence of supernatant and street on sedimen- 
tation of red biood celts produced by addition to whole blood (peripheral biood) of sodium poty-l-glutaroate {molecular 
weight 21,270} (manufactured by Sigma Chemical Co.), end measure the number of celts in lire supernatant and 
observe the shape of cetis using a differential interference microsc op e. 

[OGSffj f Materials and Method) - Four kinds of samples ware prepared by the following method to compare differences 
in the rale of red biood cell sedimentation. An anticoagulant was prepared to contain sorfinm citrate at 3.13 w/v%. 

Sample } : 2 mg of sodium poiy-L-gmtarrsaie was added to 1 .5 mi of blood 
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Sample 2: 1 .35 mi of Stood was added to 0.15 m of the cogum ciimte solution to term a totW voiume of15 m < 
and a mg of sodium pojy-L-gfctamate was than added thereto ,S mt > 

Sample 3: 1.35 ml of bk»d was added to 0.1$ mi oflha aodfarocSmte solution to (wm « voiufre of i * * 
town* 4: fi mg of wdkm pely^Mtie w» attded to l.s ml of phosphate buffer (PBS)! 

(ResuSlsl 



so 



1 ) Sedimentation at red blood cells 

vJ^iSZ?*****™***™ M ^^*^«*tfft. ab*v« sampies to stand for 30 minafeR 
For **W . Wood eosguiatien oocumci duiing the observation, ar ,d SmmMk* of red blood m& route no* 
be «od. »» common lo sampte 3> traces* sampfo 2 car***, sodium poiy^gioW^^tr^ 

of •*» *** <»ite «** ^^vod, and supernatant was obso^d * LmZ, ^* K>R 
2; Psatatet count " 

The number of platelet* «, the supemmam after allowing each of the shove sample* to stand <m so rwes 
hcten Th * «" mesupematar, of each sample is iowo in Tab e t 



(Tabic 



- . 


Wnoia Wood {peripheral blood) 


Same Is 1 


r 

Sample 2 


Sample 3 


Piatslet count 


19.5 




31.7 


12,8 



3) Microscopic observation {f-igitres 1 to St 

The supernatant portion of each sample was observed using inofctenM'ttftt 
intertersnce microscope {Nikon Eclipse BOO), and photographed. 



Siuosescence and a differentia! 



[0062] Figure 1 and Figure 2 are views mat schematically show photographs obtained wfth a <m»mm =ntert««tn~ 
microscope of peripheral btood and the supemaiam portion of eampfe 3 asp^sK-ely, ai a ^ < tetaJS Z 

stieipe oy this mscmscopsc observation. '>™.» ( w wtu 

£0063] ^S^SisaKbamatlodiagrsmoftheimageoffhesupomaasstobta'riedirisemnii.^ f«^™,= ^ < r> 
t there were fewer red blood ceils end more «oodW and J^S'^^ 8 " 80 " 16 ^ 

ZL^n^^^ 1 » "*» ^doo^n was 

!S Jtw? ^ ! SCher:3 ' C f^ aW * '*» ima ^ * «• f« whteh nothing coufd be observed 

0066] These resut t S suggested that addition of sodium poly-L^utmmte to whole wood sordino a 1^,- 
the of t,o,d coi, components containing ^ biood plants in superttZ XTStSS 

Examp le 2 

[00671 (Object) - The object of this example was to examine the effect achieved by addition of sodium oeiv t „.,„, 



Sample 1 : sodium poly-L-glulamafa 


img 


Sampte 2: socjturo pofy-L-gfutamato 


2mg 


Samples.- sodium poly-L-glutamate 


2.5mg 


Sampie A: socfium poiy-L-gfutamate 


3mg 


Sample 5: sodium poiy-L-glutamaie 


4mg 
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mm] 

■* 1) Sedimentation of fed blood cells 

After each or me above samples was allowed to stand for 30 minuses, the largest effect on she segmentation 
of neti blood ceils was observed in the sample to which 3 mg of sodium paly-L-glutarnaie was added. The amount 
o? supernatant for thai sample was 0.8 ml. 

« 2) Platelet count 

Too number of platefets in the supernatant of each of the above samples after the sampteo were allowed to 
stand for 30 minutes was measured in the same manner as Example 1. While the platelet count for the whole 
blood sample (peripheral blood) was 18.7 {10^, the pfialaiet count in the supernatant of each sample was from 
34.S ii 0»4»j) to 37.0 {1 0%i), representing an afmost twofold increase from the whose blood sample. 

[0070] (Object) - The object o! this example was to examine the ettecs obtained when sodium poly-L-glutarr-ate of 
different molecular weights were added to bleed. 
w P0?1] {Materials and Method) - 1 35 ml of blood was added fc 0.15 mi of an aqueous solution containing sodium 
citrate at 3.8 w/v% as an anticoagulant, to obtain » total volume of 1.5 ml for use as whole blood samples. 3 me of 
sodium poiy-L • giuiamaie {Sigma Chemical Co.) of different molecular weights were adde« thereto to prepare 5 kinds 
of samples. The rates of sedimentation of red blood cells when each of the above samples was allowed to stand for 
30 minutes were compared. 

25 

Sample t : sodium poty-l-glutamaSc not added (control) 
Sample 2: sodium poly-t-glafamate (molecular weight £.600) 
Sample 3; sodium pofy-L-^utaroaie (molecular weight 17,600) 
Saropie 4: sodium pely-L.-giutamate (molecular weight Zi .870) 
«> Sample 5: sodium pely-L^Sutamata (molecular weigh? 42. COO) 

(Results} 

{0072} 

1) Sedimentation of red blood ceils 

The results o! observing the state of sedimentation o? red blood ceils showed that the rate of sedimentation 
was faster in the samples in whiah the moiecuiar weight of sodium pc!y-L-glu:amate was larger, and a greater 
supernatant amount was also confirmed for those samples 

40 

2} Measurement of blood cells 

Whan the concentrations of platelets in the suporoatante of sample 4 and sample 5 were compared.. It was 
found that the concentration was higher for sampfe 5 which had the larger moiecuiar weight. 



(T«bi(i2) 



ss 





Blood oiateietsflO*' 


White blood csffs 
(lO^ti) 


RedblowdceSfsnoV 


Volume of entire 
blood occupied by 
supernatant {%) 


Control {blood}* 


20.7 


____„..„___ 

S3 


424 




Centre! 

(supernatant)** 


45.1 


118 


28 


11.2 


Sample 2 


44.8 


141 


6 


11.4 



" Peripheral bfcoti 

• Supe:r:*>f!t sifter r»d Hood as* *e#amtMan of perjptwntl btwxS 
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3 




Blood platelets (to*, 1 
ft!) 




Red blood c 
lit) 


e!is{10"V 


Volume of entire 
Wood occupied by 
supernatant (%) 




Sample 3 


47.5 


14? 


3 


14.3 




Sample a 


37.0 


80 


3 


48.S 


to 


Sample s 


38.8 


7? 


2 


50 



Exarngje4 



50 



s?j? aS;i:r 1 o{ ■* ^ - * — * *• ~* ***** — ***** * 

El •* - Fiv * of sampiw were prepay by the follow.™ method 

[D07S3 i ,35 mi o! blood obtained by fcfooci collection was added Collin of an «,»,^ «... V 

?r ,B ^ ^an, to ^ a total « ^ 

S Fwe , ,° f W *f biood *"» tW* respccUveiy tor blood obtained f fom a tc^iect A 

Piood from a fesr subject 8, end me following polyandries adds were added at oac?) weight to the whole Lood^a^ea 

Sampie J -. no pefyamine acid added (control; 

Sample 2- p«iy-l,histidiri© (moteeafar weight 20.000) (Sigma Cltamteai Co ) 3mg 
bample a: sodium ^.-aspartate (moiecutar weighs 6.300} (&gm» Chemical Co \ 3mq 
Sample 4: sodium poiy-L-aspartate fmetacular weight 35.700) (Sigma Chemica! Co ) 3mc 
Sample 5: sodium poiy-L-g-trtamate (molecular weight 53.785) (Sigma Chemical Co.) 3mg 



10078} 



1} Supematsm 

T(M , * v T aant was ^^erved in each of samples 2 to 4 utter the samples were allowed to stand for 30 mhmss 

2) pSsuoom ^ <Ub,wt A *** aflov ^ to aarui tot 1 hour. 

Table 3 snows the resale obtained when the number of platens in the abova supematams was measured in 





Sample 1 (peripheral bkxxj) 


Sample 2 


Sample 3 j Sample 4 


Sample 5 


Test subject A 


18.7 


44.1 


38.4 | 43.5 


37 6 


Test subject B 1 24.3 
Pialeiel count noVuf! 


443 


39.2 _J 45.8 


37 1 





fJJQTS] (Obiecl) - The object of this exampie was to examine the effect obtained w^er, SO du m v -.i,^ > - h 
one kind of aefdic polysaccharide was added to ptood -««im,d w,.en sod.um -ly^uronsSe vha: is 

p»80] (Mtfettete and Method) - 1 .35 mi of biood was added to o.1«s ml of an aqueeus soimio, oomaNno ATO *• 
, 88 at> ^cag Ul3ra , to obSaio a total voiome of 1 .5 ml tor use as whole biocd sa^ot ^ If^P ■ 
«*»» h^ate from c-ocKscomb; «m**m by Wa*o P^Ss^ rS 
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thereto to prepare 5 kinds of samples. 

Sample 1; sodium hyaluronate not aatfed (contra!) 
Sample ?.: sodium hyaiuronate img 
* Sample 3: sodium hyaiuronate 2 mg 

Samp:© 4: sodium fryalutonaio 3 mg 
Sample 6: sodium hyaiuronate 4 mg 

[Q081 J The appearance oi supernatant and pistetet count was compared for each of the above samples after the 
i° samples were allowed So stand tor 40 minutes. 

(Results) 

mm 

1) Supernatant 

Observation of the supernatant amount after the samples were allowed to stand for 40 minutes showed that 
although the supernatant amount increased as the amount of sodium hyaluronate added increased, it was less in 
comparison to that for sodium peiy-l-gttttamate. Figure 7 shows the results after the samples were aiiowod to 
£r£> stand for 40 minutes. 

2) Platelet count 

Table 4 shows the results obtained when she number of platelets in she supsmatatits obtained after each of 
the above samples was allowed to stand for 40 minutes, was measured In the same manner as Example 1 . 

J?5 



(Table 4} 





| Sample 1 (oedphsrat blood) 


Sample 2 


Sample 3 


Sample 4 


Sample 5 


1 


Piateiat count (iOVpf) | 18.? 


23.6 


18.5 


24.3 


20,8 



Exampte S 



[0083} (.Object) ■ Trie obieci of this exampfe was to investigate the effect obtained when sodium poly-t-gluSamafa 
end potyssryflc acid ware aeded to Wood. 

£0084} {Materials and Method) - 1 .05 mi of blood was. added to 0.15 mt of an aqueous solution containing ACD at 
3.8 wM4 as an anticoagulant, to obtain a total volume of 1 .5 mi for use a? whole blood samples. Four kinds of samples 
were prepared by lidding thereto poyscryiic acid or sodium poty-L-giutamaie. 

Sample 1 ; water-sofubie polymer compound no' added (control) 

Sample 2: poiyacryfia add [molecular weigh! 2,000) (matiufadureo fey Atdrich Cham. Co.) 3 mg 

Sample 3: poiyacrylic acid (molecular weight 2,000) (.Atdrtch Crtem Co.) 4 mg 

Sample 4: sodium pcty-l-g<utamate (molocutar weight 53.785) (Sigma Chemteaf Co.) 3 mg 

[00853 Each of tne above samples was allowed to stand to observe the appearance of supernatant after 30 iwnutes 
and 50 minutes, and the number of platelets in each supernatant after 2 hours was measured. 

(Results) 

[0086] 

1) Supernatant 

After 30 minutes, although a difference with the control was not observed in samples 2 and 3, a large amou nt 
of supernatant was observed to fippear in sample 4 in comparison with the control. 

After 50 minutes, the amount of supernatant was iarrja compared to the centre! ever: in samples 8 and 3 to 
which the polyacrytlc acid had been added. 

2) Piatefet court 
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Taste 5 shows the results obtained when She number of platelets; fa each of the above supernatants was 
measured in the same manner as Example 1 . While the piatsfei count was largs for each of samples s to 4 com - 
pared to sample i , a large platelet count was observed for samples 2 and 3 in particular 



s 




(Table 5) 










Sample 1 (peripheral btood) 


Sample 2 j Sampie 3 


Sample 4 




Platelet count (tOVpj) 


19.8 


51.1 | 52,5 


32.2 


to 


Volume of supernatant/entire blood after 5 
hour* J%) 




30.8 | 3°- 8 
I 

j -w 


50 

■ — ^ 



Ex ample 7 

fWTl (0»iect) - The objecl ol this example was to examine the ©fleet obtained when various kinds of water -soluble 
polymer compounds were added to blood. 

[0088] (Materials and Method'} - 1 .35 mi of blood was added to 015 rtf of an aqueous solution containing ACD at 
3.8 w/V% as an anticoagulant, to otnain a total volume of 1 .5 ml for use as whole blood samples Eleven kinds of 
camples were prepared by adding various Kinds of polymer compounds of various weights to respective whole blood 
samples 

Sample 1 ; Water-soluble polymer compound not added (control) 

Sample 2; sodium poiy-L-giutamato (molecular weight 53 785) (Sigma Chemical Co.) 3 mg 
Sample 3: sodium: pciyaspartate (moleeote; weight 35,700) (Sigma Chemical Co.) 3 mg 
Sample 4: poiyaspasagme (molecular weight. 10,700) (Sigma Chemical Co.) 3 mg 

Sample 6. mixture of sodium poiy-i.-gliiiamate (molecular weight 53, )m) (Sigma Chemical Co.) 1 .5 mg and sodium 
poiyaspattate (molecular weigh; 35,700) (Sigma Chemical Co.) 2.5mg 

Sample 8: mixture ot sodium posy-L-glutamaie (molecular weight 53,785) (Sigma Chemical Co.) 2.25 mg and 

sodiufi! poiyaspastaie (molecular weight 35700) 0.75 mg 

Sample 7: poty{sodlum giutamate-tyrosine) {4.1)) (Sigma Chemical Co.) 2 mg 

Sample 8; poiyfsodium giulamate-tyrosine) {4:1)) (Sigma Chemica; Co.) 4 mg 

Sample 9: sodium cafboxymethyi cellulose (CMCS0) (Cotofcu Chemical Company Ltd.) 2 mg 

Sample 10: mixture of sodium hyaluronata {ttafco Pure Chemical Industries, Ltd.) 1.5 mg and sodium poly 

giutamate {molecular weight 53.736; (Sigma Chemical Co.) 1 .5 mg 

Sample 11: mixture of sodium hyaiuronate (Wake Pure Chemicai Industries, ltd,) 1,8 mg and sodium poto-l* 
glutamate (molecular weight 53,785) (Sigma Chemical Co.) 1,2 mg 



The appearance ol supernatant and platelet count after each of the above samples was aifowed to stand tor 
minutes were compared. 



1) Supematam 

Observation of the supernatant obtained after each of the above samples was allowed to stand tor 3Q min uies 
shewed that although almost no supernatant was observed to appear tn sample 4 to which poiyasparagine was 
added, the mount of supemalant in the other sample was at the same level as thai of sodium poiyglutamate or 
slightly loss than tor sodium poiyglutamate. After being aliowedto stand for 2 hours, supernatant was also observed 
to appear in sample 4, 

The results after the samples were allowed to stand for SO minutes are shown in Figures 8- 1 and 9-2. 

2) Platelet count 

Table S shows the msuas obtained when vw number ot platelets tn sucerrwiams obtested after e*Ch ©» the 
above samples was allowed to stand for go minutes was measured in the seme manners* Example 1 , 
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(Table 6) 



| Sample 


I | 2 


3 


4 


5 


6 


7 


| Platelet 
count 
(10%U) 


58,5 


35.8 


38.6 


36.5 


22.4 


31.1 


39.8 


; Sample 


8 


9 


10 


11 






] Platelet 
! count 


36.4 


19.9 


33.2 


31.8 





[0091 } {Object) - The objeci of this example was io examine the ©tiect obtained when various kinds of water- soluble 
polymer compounds were added to blood. 

[0092] {Materials and Method) - Eigta kino's of samples were prepared by the feSfowmg met hod 1 .35 mi of blood was 
acided to 0. 16 m! of an aqueous solution containing ACO a! 3.S wrv% as an anticoagulant, so obtain a total volume of 
1 .5 mi tor use as whole Wood samples. The following polymer compounds of various weights were added to resoeeitve 
whsle blood samples. 

Sample 1 ; water-soluble poiymor compound not added (control.) 

Sample 2: sodium peiy-L-gUitamate {mciecuiar weigh) 53785} (Sigma Chemical Co.) 3 mg 

Sample 3; sodium poiyaspartete {molecular weight 35.700} (Sigma Chemical Co.) 3 mg 

Sample A: sodium hyaiuronste {Wako Pure Chemica! inaustrles, Ltd.) 3 mg 

Sample 5: doxlran sulfate (M0S Kowa) (Kowa Co.. Lid } 8mg 

Sample 6: sodium polygalacturonase (Sigma Chemical Co.) 3 mg 

Sample ?: sodium poly -rCL-gfutamate (slraight chain lype) (Melji Seika Kaistsa, Ltd.) 3 mg 

Sample 8: sodium poly >-O.L-g)ulamats salt (crosslinklng type) {Meiji Seixa Kaisha.. Ltd,) 3 mg 

F0Q93J The appearance of supernatant and platelet count after each of (he above samples we* aiiowed to stand for 
30 minutes ware compared, 

(Resijlisi 

{0094} 

1) Supernatant 

After each of tea above samples was allowed to stand for 30 minutes, supernatant was observed So appear 
in ali of the samples except samples 6 and 5. Figures 9-1, 3-2 and 9-3 show tee rssufes after the sampfe* were 
allowed So stand for 30 minutes After 2 boots, supernatant was also observed to appear in samples 6 and 6. 

2) Platelet count 

Table 7 shows the results obtained when the number of platelets in superoafants obtained after eacfi of the 
above samples was allowed to stand for 30 minutes (about 2 hours after treasmeni tor samples 5 and 6) was 
measured in the same manner as Example I . 



(Table 7} 
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Sample 


1 


2 | 3 


4 


S | 6 


7 j 


5 


Platelet coaol 

(loVpi) 


20.6 


35.1 j -10.9 

— 


33,4 


j 

43.5 | 46 

L_. i 


— • • 

23.2 




Sampie 


8 








— } 


SO 


Platelet 
count 
ClflV) 


29.1 











IS 



SO 



10095] (Object) - The object of this experimental example was to examm the functor* 0 f platetets in platelet rfrh 
plasma ottnrt by the method ofthte invention. Since plated that have a fl i S h tev* o*^ «£f« 

fT nMtt 38thSf T ' ftortn d0iS ' A «***x»n*»m containing *„d of olaw ^ s Sh StJ^t 
Tb« imwuniint of platelet fervor, cm be eowtaw ««m« pk^* a Lansm^rwe. 

[0098J {Mafertate and Method) - A substance Grained w arfoiinn m .,i no «<.> ltf , . 

S?£!5 ^P^tormter (MCM H«*nhwrtt2 (MCMEOtCAs.)) at a wavelet, of 690 n^CS 
pton» oMoned according to the method of this irwemkm' » s ussd te th; , e , am L ^ ls „™ 

StSST" 8 * < 3 ^ » the *~ ***** *— ^ ^TtomLZo^ 



Experimental Example 2 



(QSject) - The object of this sxrwirnemai examate wi <« «a »h« . » 

Plasm*) obtained by in* ihod oU^Z^Z^tTr Z -T " 

[01003 (Materia* and Method) - A substance having a total volume of 1 5 mi obtained b V add™ i « ml nf , , 
!J"f »Vf»"! oU ««***B sodium c»r* te at as « a , am^St^Si ,5™ Sf 
The torn, ■pJatoiet-rBh plasma obtained by the method of this invention" as used ' .his t~i! tT.^l 



55 



Sample 1 : supernatant collected according to the method of this invention 

STdS^-^v^ aftef oen, *^g material 2 times (ptatotetnteh plasma: P3P) (cessation 

amount by a measurement method that used a light scattering method ««*os*n 
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[0101] (Results) - The fibrinogen amounts measured were 232 mg/dl In sample 1 , 25S mg/dl m the PPP of sample 
2 and 1 78 mgtti in the PRP of sample 3, It was thus clarified thai the fibrinogen amount si supernatant ipSaielet-ricb. 
plasma) obtained by the method of this invention was greater than thai <« PRP produced by the conventional method, 

5 Experimental Example a 

[01023 {Object) •■ The object of this experimental example was to determine the count of each Wnd of Mood cell and 
the platelet recovery rate tor platelet-rich plasma prepared according to the conventional method (hereunder referred 
to as -eowenswat PHP") and platefai-dch plasma prepared according to the method of this invention (hereunder. 

,0 referred to as "PHP of the method of this- invention"), 

{0103] (Matertaso and Method} - The conventions! PR!* was prepared using a PRP kit (manufactured by Curasao. 
Pharma GmbH) employing as starling material a substance having a total volume of 8.5 mi obtained by adding blood 
to 0.85 ml ot a solution containing ACQ a! 3.8 vWv% as an anticoagulant. A Heraeus Labotuga 300 was used as the 
eamrifugo. Supernatant was fractionated by conducting a first cerstritugation step at 3600 ipro for 1 S minutes and a 

,s second eentfiiugaiion step at 2400 tpm for 10 minutes, whereby approximately 0.7 mi of ptuteiet-rich olasma was 
collected. 

[0104] For the PRP of the method of this iaveniten, a substance having a total vaSrtme of t .5 ml obtained by adding 
1 .35 mi of blood to 0. 1 5 mi of solution containing AGO si 3 8 w/v% as an anticoagulant was used as starting material. 
S mg of sodium poly-L-gtuternate salt (molecular weight 53.785} was added to the starting material, which was allowed 

* t0 stand for 30 minutes to fractionate supernatant, whereby approximately 0 75 ml of platelet- rich plasma was collected. 
fOIOS] {Results) - Tabic 8 shows the result of each measurement. The platelet recovery rats was determined ac- 
cording to the formula below. As a result, it was confirmees that the piaieiet-rich plasma obtained by the method of this 
invention was obtained: more efficiently and using a smaller amount of blood to comparison to the platelet-rich plasma 
obtained by the conventions! method. 

29 5 01S6 1 ^e^od for calculating recovery rate » {count o= recovered platelets/platelet court at time of blood collection} 
x (collected PRP amcuntfeoiiected Mood amount) 
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351 


6 


2 


i (1 0%i) 








1 Platelets {io%l) 
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! Platelet recovery rate 




30.7% 


81. 7% 



Experimental Example 4 

w 

[01 07] (Object) - The object of tnis experimental example was to compare nesting effects for nude mice treated with 
PRP ot the method of this invention {group of this invention) and a group that was not administered with any substance 
{control group). 

45 {Materials and Method) 

[01 06] The PRP of tee method of mis invention was prepared according to the method of Experimental Example 3 , 
The following treatment was canted out using a total of 1 0 immunodeiieierit mice BALSto-numu !S-11 weeks). 

so t )i 0mm incisions were made at 2 locations on the back of each mouse, and epithelium was detached for S mm 
from there towards the outer side to create an Incision wound (Figure 10-1). 

25 1 "to the incision wound on the right side of the photograph was added 50 mg of coagulated piateiet-ricb piasrna 
obtained ey adding 5% calcium chloride (about 0.07 ml) to PRP (about 0.7 rut) of the method of this invention 
collected from human blood to activate the PRP, after which doufefe armod solum was carried out with nylon thread 
ss ^ 

3) Doufcie armed suture was carried out on the inelsioii wound on the left side of the photograph without the addition 
of a substance, and this was employed as the control group 
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as 



W m mm ■ From the fourth day to seventh *y after the surgery, botft the te«*ft and width of %> Dart 
Sxperimentai ExEsmpis 5 

fl? I J^LT*^* ° f cxps,1 ~ f e « e *«* i0 «»H*» haasng sffecfc tor nude mice treated with 
ot tf,t " :Tiemod 03 m,s and a group administered with conventional PRP The revive A 

ptasmas were pwparsd accord^ to the method of experiments) Example 1 respuet^ p,a. wie ,,, J, 

101111 < M{toi8te Mtfhoo) - A totet of 2 immuooiiettoiort mice BALBfc-nu,™ (« weeks) were used. 

1 ) 1 0mm tacfcions wero ma<te at 4 locator on the back of each moose, and epithelium was dotted for 6 nm 
from shore tswa.xis the outer side to create an incision wound ' 

2.51^^ W ! Uftd t?s hS UPPW *■* si * o! ** 5 mteo was added so mg o» coaguiatad 

pUetet-r,^ p.asma by actnntma PRP of the method of this invention coitectod from human bkj in the 

arid an oquai amisuni thereof was added ta trie wound oart (Figure 11-gx 

JJitf^ W8S adS ■ d t0 lhe incis:on wo " nda on ** »PP« and lower ar<*> S on the M side of toe photearaph aid 
the wounds were sutured and ampfoyed as a control side. H-wogipfm, 0 

101123 {Results) - Both the length and width of the incision wound to which the PRP of the method erf this Invention 
the PRP of the matheo ot this invention in comparison to the conventional PRP (Rgures H -t and i 1 -2). 
E xpehmemai £xa f-)cie_S 

ElaifS I w ° bieff k f l* pe *™ example *** 10 tr,e accelerating effect of c*iv*n- 

!f H * 8 SU f ^ by adding whi,e blocd ceiis conventional PRP. The conve« PfJXs 

prepared aecoromg to method o! Experimental Exampte 3 wwuonw rr* was 

(01145 The PRP of the method of thts invention contains not eniy an increased amount of platens but else an 
mcroasod amount of white blood cells, and it is considered that this further enhances the tJ^S^^SX 

IZSiZZ bi00d ■* W8re * iso M 10 m c ~ ti0f,8§ PBP * conte «™ ™ 

[0115] Material* and Method) - A total ol 4 immunodeficient mice BAi.8fc.au/nu (11 weeks) wore used. 

2} into the incision wound on the upper right side of the ptiotoqrsch of s mica wes add*«ri <m ™, - , , < 

coEWentional PRP. ( . white blood ceils (WBC^a^ activated andan^-.ai^- , f ^ nr)81 ' t,1(S> 

part ! Figure 1 2-2) »c,vatev., ^nd *r> eq ua. amewm tnereof was added to the wound 

3) Nothing was adood to the incfeioa wounds on the up f «* ^ tower areas or, the ten side of ttta Dhoto«r« D h er - 
the wounds wore sutured and employed as a control ssda. pnojog^ph.. ana 

SOUS] Conventional PRP was added to the incision wound on the hoht side of the ehatotu** - 

in Figure ISM . The compos*^ ot the coavomiona. PRP was a white I e^i co" ^ > S ' T r 

count of 67. 1 x 1 0%i, M °' w ' ^ &rid » Piateiet 

pi17] Convontioruil PRP 4 white blood eelis (WSC) was added to the iaciaion woiM on the riaht side of r h „ n * 
tograph of the mouse shown in Figure 12-2. The composition of the eo^fioJ PRP whl S» el^ c2i 
were aoded thoreto was a white blood coif count of 1 SO , 1 1%, and a platofe! count M 68 7 x oS ^ 
wl- / + tt ;t3> r ° r mS p!atfitfJt ' ,fch «W rrwe white bsod cells (conventional pro ,." w ,, n ^ „„_ 
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jxggtfM"tei Example ? 

[01 1 9] (Object) ■ The object of Ibis experimental example was to examine the bactetfeHai and digestive capsbiiity 
ot white biood ceiis included m ptoasleMfch plasma prepared by the conventional method (hereunder, referred to as 
5 "conventional P BP' ) ana ptatefet-rieh piasma obtained by the method of this invention (hereunder, referred to as "PHP 
of the method of this jweroton*). The b^cferteidat and digestive capability of while blood cells was measured using 
reyafeperoxitfase (MPO) as an indicator. 

[0120] (Materials and Method) - For the conventional PRP, approximately ? ml of ptaseiet-fieb plasma was prepared 
by employing as a starting materia! a substance having a total volume of '5 ml obtained by adding blood to 1 ,5 m of 
10 an «gueo«* solution containing ACD at 3.8 v»rV%, and then eentrifuging for 12 minutes at 1100 rpm at room temperature 
to fractionate supernatant. 

[0121] For the PRP of the method of this invention, approximately ? ml of platelet-rich plasma was prepared by 
employing bs a starting (notorial a substance having a total volume of 15 ml obtained by adding blood to i .5 ml of an 
aqueous sortition containing ACD at 3.8 w/v%. adding30 mg of sodium peiy-L-glutamate salt {molecular weight 53,785) 

is re the starting material allowing the mixture to stand for 30 minutes, and then fractionating -supernatant. 

[01 22] 2 mi of each of the rrenventtonaf PHP and the PRP of the method of this invention ware employed a* meas- 
ureRvanr samples. After freezing and Ihawing the samples 3 times, the samples were reacted with Q A 87 mg/ml o- 
dianiskjine and 0.O0OS % hydrogen peroxide solution, changes in abscrbanceat 450 nm were measured, arid quantified 
using s human MPO reference standard (manulacfured by Sigma Chemical Co.). 

36 £° 123 i (Results) - The MPO activity of the conventional PR? was 0,046 U/ml while that of the PRP of the method of 
this invention was 0.72 U/ml . demonstrating that the MPO activity in PRP obtained by the method of this invention was 
cfeariy higher than thai ot PBP prepared by the conventional method. 

industrial Applicability 

ss 

[01 24] As described in the foregoing, plateiel-rieb plasma having high activity can bs simply and conveniently pro- 
vided by the method for preparing pisteiewieh plasma o? this invention, in pantostat;, ptateiet-ffca plasma obtained by 
the method of this invent ion by employing a patient's own bteorf components as the raw material can be applied in the 
medical care field as an accelerator of tissue and/or organ repair, more specif icalty as an additive tor bone augmentation 
* "» the P«f if tsery of a dental implant, an additive for use when transplanting bone or artificial bons to a bone def eel site, 
a wound healing accelerator, an accelerator of tissue repair after therapy or treatment for plastic and/or cosmetic 
purposes, a therapeutic agent for dermatosis . a therapeutic agent for cutaneous ulcers, an agent for nerve tissue repair 
and/or an agent for postoperative tissue repair. 

Claims 

1 , A method for preparing piatelet-heh plasms, comprising a step of agglutinating and sedtmenting red Wood ceils in 

rt RP>tr^rSVP riftri r,r..-»;.!<«f^rivje. m![hmA, rv^,-r> tv>/vN.-* 



.JO 



4S 



SO 



ss 



a selective and scceierative manner from bicod. 

2. The method lor preparing platelet-rich plasma according to claim 1 . wherein the blood is whole bicod obtained by 
bicjod collection, 

3. The method tor preparing piateiet-rich plasma according to claim 1 or 2, wherein the method of agglutinating and 
segmenting ref) btoerf ceits in a selective and acceteiative manner comprises a step of adding a water-soluble 
polymer compound to the blood. 

. A method for preparing plateiet-rseh plasma, comprising a slep of adding a water-sotubte polymer compound to 
blood 



■1 



5, The method for preparing platefei-rsch plasms according to claim 3 or 4, wherein the water-soluble polymer com- 
pound is a polymer compound having a moleosiiar weight of 1 .090 - 5,000,000. 

6, The method for preparing platelet-rich plasma according to claim 3 or 4, wherein the water-sotuble polymer com- 
pound is added in an amount of 0.0001 - 10 wrv% with respect to a blood volume. 

7, The method for preparing platelet -rich plasma according to claim 3 or 4, wherein the water-soluble polymer com- 
pound is at least one kind selected from tfie Mowing compounds: 
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IS a Potyamino acid comprising amino acids arrd/or ptermaoofopcaBy adaptable satis of ^ adtte , 
2 » Si - !d!C P^ysacchanos sndfor phaiTnscQiogscalfy acceptable sails of these' an* 
at a vinyl poiymer. 

S 8 ' J*. 'T f .? Pr ? a ' ^ piatetM I*"" ««»««n9 » claim 7. wherair, the oofyamino acW is at feasr one 
k,nd Se!eC!8a rrom the 9"** C0!,sfeiif) 8 » r ?«'y8to«ic acid, polyaspartfc acid, po^islidine and poiyaspamgina." 

9, The method lor preparing piatel^rich plasma according to me foregoing 7, wheroin me acids and/or pha,- 
macotog**,!* aecej^esafe, which arefomrcdpoiyamino a^areaatecred fromth* group consist^ cfoMam- 
* actj. aspanic ac«}, nistidine and aaparagine, or pharmscologfceBy acceptable salts of time. ' 

10. The method for preparing ptatotat.** piasma aow^tooMkn £>. wharoin at least 20% of the amioo acids whteh 
the palyam.no acid comprises is glutamic acid and/or aspartie arid. orphanracetogfcalSy acceptable salts thereof. 

15 11 ■ Th f me!tod for P (ap8riR 9 P tasma mow** u> claim 9 or 10 : wherein tha poiyamino acid is an acidic 

polyamitin acid. J 

12, The method for preparing pSatetet-ifch plasma according to claim 7. wherein the acid* poiy^rhsnde -mafm 
phamtaeofogiealiy aeceptate sail thereof is at ieaat one kind selected from the group co«»*«»w of dextrm derfv 
atives. S^oaamlnogiycan. cellulose derivatives, chitcsan aenvatives, gasacturonfc acid and aiginte acid ' orohar- 
macosogasalty acceptable salts thereof. ^ 

13. The method for preparing piatatet-hch plasma according to claim 7, wherein the acidic polysaccharide srttor 
pharmacotogrcally acceptable sail thereof is hyaluronic acid or a pharmacologically acceptable sait theteol 

1 "' s^SSZ? "5 pfe f ta " fiCh ^ 3CC0 ' d " S9 1 ° **" ? ' Whemi " th * Polymar is at least one kind 
sailed from compounds including an acidic poymef or a phamtacoiogteaiiy acceptable sail there*?, 

15. A platotel-rfch piasma prepared by the method according to any one of claim 1-1*. 
IS. An accelerator of tissue ami/or organ repair, which comprises the plateiei-ric* plasma according to claim 16. 

Z lr9 ™T m ^ W b °" e ! ° 8 bone ■«•. • wound haa«n<, sclera or 

T° ^ f mmpy ° f raiment fo, pMc androrcosroelic porpow.a. a »mre^u«cZT« 

ZZ? « " 8Sem ,W C * BWU " » •** t »°™ *** repe* aad/or an agent fc 

postoperative assua repair which comprises the piatelet-rich plasma according to claim is. 

18 ' iSmTT!™*'" ° f a ^ Smertm ^ f0f "V of the foiiowing, which comprises a step of adminiafering im 
piataiat-nch plasma according to claim 15'. a ' lw 

1 5 bone attgrnantation in tho penpfieiy oi a dental implant; 
2) darmatoais; 

S) tissue repair for plastic and'or cosmetic purposes; 
4} repair of a bone defect site; 

5) nerve tissue repair; and 

6) postoperative tissue repair. 

™' irf m '.°? T m%i m {0t prepW " ,S P«a««« «»t contains at least one Kind of ihe compone^ 

Qd comprising a step of adding a water- salable poiymer compound lo blood P y h 

1 ) a poiyamino acid comprising amino acids at*** ptermacoiogicaffy accepiabte salts of amino acids 
^ an a£;id;i: Poiysacchando and/or pharmacoiogfealiy acoepiabte salt thereof afn j 
3; a vinyl polymer. 

20. An instrument- for preparing ptatoiel-nch pta™ by adding at feast one kind of the comoonents of water-aoloote 
polymer compounds aiescrifoad below to Wood: v JC soiuons 
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1 } a poiyammo acid comprising amine acids and/or phawtacofogicaiiy acceptable salts of amino adds: 
2} ait acidic polysaccharide artd/or pframiaeeiogicaiiy acceptable salt thereof: and 
3} a vinyl polymer. 

A. kit tor preparing ofateisE-rteh plasma, which comprises the f ssgent or me reagent kit according to claim 1 9 and 
the instrument according to claim 20. 
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Fig. 1 
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Fig. 3 
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Fig. 5 
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Fig. 9-1 
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This iuic-.Mii nv-'i N»!cii report Irs noi ixso rjisMisiwl i» a^ia «f amain «feiim uster Artiste !?(2Xa)iwtte foftwnig iKawns: 

■ Pi! Qstasf**: 18 

beoaasc ihty rslais to su!?]«'j matter iwl rfitjuiflid snlje tearchefi by i&is Au&oiby, ratgfity: 
Ciairo 38 pertains to Methods for treetaK'jnt of the human, body by therapy 
and thus rslat.es to a subject raster which this i»tersatio«al Searching authority 
is not required, ur.der the previsions oJ Article 17 {2} (a) (i) of the PCX and 
Kills 39.1. iiv) of the Regulations under the PCI, to search. 

•:cc>::-t ihey fciste is jxwsuf itifi <i')>::H»::'.!oal cppiift-skBi Stalin t«l crmtpiy «8h lisfi rresraibttJ n<juit«i(KH»s w s<mk art 
mixti i'bai tsftMiiii-jfi:* i»Eerna!Mjn»> search caw be cauitd ^ut, specifically: 
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Since * method of preparing a platelet rich plsstCB in.vnlv.tng the sr.sp of 
aslsctivslj and c.:ijmu.iativ'«ly aggregating arsJ pjsfecifjitating ferythrs-joytes and 
a wsthod oS preparing a platelet cich plasran involving the step oi adding 
a water soluble polyoer to eiood are not novel, claJiss l to 17 and IV to 21 
have 3 technical ««»tttsess, i.e., involving the step or adding a polyatnino 
acid to isios>d, involving th» step of adding an acidic polysacchaiddft and 
.involving the stap 'Aft adding a visyi pedyswE . They have «« technical relevancy 
exceeding the prior art. and, therefore, have jio s.irig).<? g«vj*rBl inventi vis concept 
in eoswaem, thus, claims 1 to 17 and 19 to 21 have 3 groups tit inventions. 
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